Background: Evidence from developing countries is limited on how income level for a given neighborhood is related to physical activity among its residents.
Introduction
V arious characteristics of urban form have been associated with physical activity, such as landuse mix, residential density, street connectivity, 1 and proximity to public transportation. 2 More recently, walkability (characterized by high residential density, land-use mix, and street connectivity) has been used to identify built environment characteristics that in combination may affect commuting and leisure-time physical activity. 3 Several studies have found a positive association between walkability and physical activity among adults in high-income countries. [4] [5] [6] [7] [8] Whether this association is also present in low-and middle-income countries, such as those in Latin America, has not been rigorously investigated.
In Latin America, the urban environment has historically differed from that found in North America and Australia. The overall population density is higher, 9 and in Latin American cities, the focus of activity is mainly in central business districts, 9 resulting in less urban sprawl. Additionally, public transportation is used more frequently in Latin America. 10 The social environment has marked inequalities and is less safe than that in highincome countries. 11 These characteristics may work to either incentivize or inhibit physical activity in Latin American urban settings. For instance, in Bogota (Colombia), high-density areas and easy access to public transportation are positively associated with commuting physical activity. 12 In Curitiba (Brazil), the combination of access to physical activity infrastructure and public transportation has been found to be associated with higher levels of leisure-time physical activity. 13, 14 Finally, studies in U.S. and Europe have found that living in a low-income neighborhood has a negative effect on multiple health outcomes and on physical activity. Residents in such areas report a lower overall quality of life, less social cohesion, and less access to leisure facilities and public transportation. 2, 13 In the U.S., suburban neighborhoods are often available for higherincome residents only, and resources are likely to be of higher quality. Even though residents may need to travel further to access amenities, the availability of cars mitigates this impact.
Evidence is limited on how neighborhood income level is related to physical activity in developing countries, as opposed to Europe and the U.S. For the current study, it was hypothesized that low-income neighborhoods in Brazil would have lower-quality physical activity resources, such as parks and playgrounds, and that measures indicating high walkability of low-income neighborhoods may predominantly reflect the high density found in urban centers rather than a higher quality of life.
Thus, the association between walkability and physical activity in Latin America may differ from that found in Europe and the U.S. The limited available evidence shows that built environment attributes such as slope, access to recreational facilities, and public transportation are associated with leisure-time and commuting physical activity in Latin America. 2, 12, 13 However, it is still unknown whether a cumulative walkability index, as defined from research in high-income countries, 4,6-8 is applicable to the Latin American context. Previous studies 2,12,13 of neighborhood variability in walkability and income in Latin America have not focused on determining whether the environment supports physical activity only when the neighborhood also has income advantages. An understanding of the interaction of these factors is critical for a number of reasons. First, the rate of urbanization in Latin America is exceptionally high (79%). 15 Additionally, by 2025, nearly two thirds of the region's population will be concentrated in large cities. 15 Second, physical inactivity is highly prevalent, 16, 17 and changes in the built environment and daily transportation modes over the past decade may lead to even lower levels of physical activity. 18 The current study was designed to help disentangle the complex of factors that relate to commuting and leisuretime physical activity in low-to middle-income countries. Therefore, the study examines the association between walkability and income, for walking for transportation and for leisure-time physical activity. The effect of income on the relationship between walkability and physical activity in adults in Curitiba, Brazil, is also explored.
Methods
The Spaces for Physical Activity in Adults Study (ESPACOS) was a cross-sectional study conducted in Curitiba, Brazil. 19 Curitiba is a state capital in southern Brazil with a population of 1,746,896 inhabitants (52% women) and is the eighth-largest city in the country. 20 The current project was designed to investigate associations of neighborhood walkability and SES with physical activity in adults in the Brazilian context, 19 and it was part of the International Network Physical Activity Environment Study. 21 The IRB at Pontificia Universidade Catolica do Parana, Brazil, approved the research protocol (#3034/001/1). The data were collected between August and December 2010.
Walkability and Income Classification
The study was conducted in census tracts selected from a total of 2125 ( 225 households/census tract) defined at the time of the project. 20 The average annual income within each census tract was obtained from the national census. 20 For each census tract, a walkability index was calculated using three indicators (residential density, intersection density, and land-use mix), obtained through data layers exported into a GIS. These built environment characteristics have been consistently related to physical activity. 3 Residential density was obtained by calculating the ratio between residential units and the land area allocated to residential use within each census tract. Connectivity was computed as the density of intersections in the land area within each census tract. Land-use mix indicates the degree to which diverse land-use types are present within each census tract. Land-use mix was determined according to the distribution of five land-use categories (residential, commercial, recreational, educational/cultural, and other). Raw values for each indicator were normalized, and z-scores were calculated. Finally, the walkability index was obtained by using z-scores and by weighting the intersection z-scores, as suggested elsewhere. 22 Finally, all census tracts were ranked according to their walkability and income by deciles. The second and third deciles were used to represent low-walkability/low-income quadrants; the eighth and ninth deciles were selected to represent high-walkability/high-income quadrants. 19 This approach, which has been consistently used in similar studies, 4, [6] [7] [8] maximizes the contrast between areas with different walkability characteristics while taking income into account. In each quadrant, eight census tracts were selected, for a total of 32. Further details are available elsewhere. 19 
Sample
A minimum sample size of 500 participants was estimated according to the following criteria: power ≥0.80; assumed variance between 0.1 and 0.5 change-determinate coefficients (R 2 ); and probability 0.05 for Type I error. An addition of 20% was made to account for multivariate analyses; another 15% was considered for nonresponse and losses resulting in an estimated minimum sample of 675 adults. All census tracts were visited, and 10,063 eligible households were identified ( 320 houses per census tract); within each area, 22 households were systematically sampled (total¼704). Within each selected household, one adult was randomly sampled and interviewed (inclusion criteria: having lived in the neighborhood for ≥1 year at the date of the interview, having no serious impairment in ability to walk, and being aged 18-65 years). The sample selection was balanced to include equal gender participation (50% women). More details are available elsewhere. 19 
Study Variables
For this study, the questions relating to leisure-time physical activity (walking and moderate-to-vigorous physical activity [MVPA]), and walking for transportation, were derived from the long form of the International Physical Activity Questionnaire (IPAQ) and were used to measure the days and minutes of physical activity in the previous week. 23 These questions have demonstrated adequate reliability in Brazil 24 and have been used with adults from Curitiba. 14 Walking for transportation was dichotomized into ≥150 minutes/week vs o149 minutes/week. Leisure-time walking (≥150 minutes/week vs o149 minutes/week) and MVPA (≥150 minutes/week vs o149 minutes/week) were analyzed separately, and in combination were used as the leisure-time physical activity outcomes.
The following sociodemographic characteristics, assessed by survey, were included as covariates in the analyses: age (18-29 
Data Analysis
The main effects of walkability and income and their interaction were the main focus of these analyses. Logistic regressions with random intercept were performed. The crude model included walkability (low and high). The first step model included neighborhood income as an independent variable, and then all individual variables were included in the next model. Finally, interaction terms of walkability with income were determined, in order to test the effect of income on the association between walkability and physical activity. All analyses were conducted in 2012 using Stata, version 9.2, with the xtmelogit command. Analyses were adjusted for the clustering effect of census tract.
Results
A total of 1052 households were visited, and the overall participation rate (i.e., eligible contacts that agreed to participate) was 66.4%. This rate was slightly higher among residents of high-income neighborhoods (70.9%-71.2%) compared with to those in low-income neighborhoods (62.3%-62.6%, p¼0.034). The final sample included 697 participants from 32 census tracts. The sample was well distributed by gender and age; most participants had low or intermediate levels of education, were married, and had at least one car in the household ( Table 1) .
The proportion of those who walked for transportation for ≥150 minutes/week was 21.1% in low-walkability areas and ranged from 33.5% to 35.0% in highwalkability areas (Figure 1) . Walking for leisure for ≥150 minutes/week was achieved by roughly 12% of participants and did not vary much across quadrants of walkability and income. Leisure-time MVPA of ≥150 minutes/week ranged from 12.2% to 19.3% in lowincome areas, and from 25.3% to 35.8% in high-income areas. The prevalence of leisure-time MVPA was 7.1-10.5 percentage points higher in high-compared to lowwalkability areas.
No interactions between walkability and income were found in any of the models (Table 2) . After adjustments for all individual confounders, walkability showed an independent association with walking for transport (OR¼2.10, 95% CI¼1.31, 3.37, p¼0.002) and leisuretime MVPA (OR¼1.57, 95% CI¼1.06, 2.32, p¼0.024). Neighborhood income was independently associated with leisure-time MVPA (OR¼1.70, 95% CI¼1.06, 2.74, p¼0.029). No association was found between walkability and walking for leisure.
Discussion
The main findings showed that adults living in highwalkability areas, in a Brazilian city, are more likely to achieve recommended levels of physical activity, both for transport walking and leisure-time MVPA. Additionally, no interaction between walkability and income was found, indicating that walkability is associated with physical activity regardless of neighborhood income level. Finally, walkability was not strongly associated with walking for leisure. This was one of the first studies that rigorously examined the association of neighborhood walkability, income, and physical activity in a developing country. These results extend the current evidence by demonstrating that the built environment is an important correlate of physical activity in developing countries.
Overall, the results on walkability and transportrelated physical activity from the present study are supported by previous findings in developed countries 4, [6] [7] [8] and showed that walkability plays an important role in the physical activity obtained from daily transport in highly urbanized areas in Latin America. Moreover, the current findings showed that in Latin America, where physical activity levels are already higher than in Europe and the U.S., 4, 6, 7 living in areas of greater walkability is still related to higher levels of physical activity. This result provides evidence that walkability can contribute to health benefits acquired from physical activity. 25 These findings have important implications for Latin America and other developing countries. Given the current trends in these areas toward urbanization and high population concentrations in large cities, 15 walkability should be incorporated into the urban planning policies so that cities can provide residents with environments that are more conducive to physical activity. However, practitioners have not prioritized changes to the built environment, 26 even though research has demonstrated their importance in promoting physical activity. Lack of evidence from developing countries may have contributed to this gap between evidence and practice; thus, the current findings may help to advance policy planning and implementation in this area. Finally, results showed that walking for transport at recommended levels was higher in high-walkability areas, regardless of income. Hence, changes in the built environment may have a broader population-level impact. This finding is particularly important, given the high social disparities that currently exist in Latin America. 11 In Europe 6,7 and the U.S., 4 both walking and MVPA for leisure were associated with walkability, whereas in the present study, only MVPA for leisure was associated with walkability. Some methodologic differences might explain this inconsistency. Although similar studies used the same self-reported physical activity measure, the outcomes were expressed as minutes per week of activity, 4, 6 whereas the present study used the recommended level of physical activity. 25 Hence, increased walkability may contribute to some increase in leisuretime walking, but not at a level sufficient to achieve the recommended level of physical activity.
Nonetheless, the association between walkability and MVPA found in the current study was fairly consistent with previous findings. 4, [6] [7] [8] Additionally, the available evidence shows that in Latin America, leisure-time physical activity is associated with access to recreational facilities. 2, 12, 13 Although this factor was not examined in the current study, the amount of recreational areas contributes to the variation in the land-use mix in the walkability index.
Additionally, MVPA was higher in high-income areas, confirming that more-affluent areas are more conducive to leisure-time physical activity because they provide more and safer recreational areas. 27, 28 This finding also might suggest that the impact of walkability on leisuretime physical activity varies according to level of social equality of the region. For instance, whereas similar findings were observed in U.S. (i.e., less physical activity in low-income areas), 4 income was not related to physical activity in studies from Europe. 6, 7 In fact, Europe is one of the areas of the world with the lowest levels of socioeconomic disparity among its residents. 29 On the other hand, the U.S. and Latin America, particularly Brazil, 29 clearly have greater socioeconomic inequality across society.
This was the first study, to our knowledge, to examine walkability and income and its association with physical activity outcomes in a developing country. Additionally, walkability was assessed through objective GIS-based measures rather than with subjective measurements, 30 thus avoiding self-report bias. The walkability also followed a standardized approach 21 which allowed comparisons across studies from high-income and lowincome countries. 31 Physical activity outcomes were examined through various domains that have important implications for developing countries. For instance, although active transportation might be the norm for poor people in developing countries, leisure-time physical activity is more frequent in high-income countries. 31 Additionally, the most-recent international recommendations were used to define the physical activity outcomes, 25 which is important when examining the potential public health impact of the findings. Finally, the recruitment and participation rates did not vary significantly across the census tracts, regardless of area income level, 19 which increases the generalizability of the findings.
Limitations
Nonetheless, some limitations are present. The crosssectional design prevents determination of causality. Walkability was examined in census tracts, which are "artificial" representations of a neighborhood; as a result, areas closer to participants' homes, where they may be more likely to be physically active, were not represented in the study. Additionally, the walkability index included only a few combined aspects of the built environment; other features of leisure-time physical activity environments may provide different results.
Although the results are fairly consistent with findings from Europe, the U.S., and Australia, the study was conducted in only a single city in Brazil, which is an upper middle-income country. Thus, the extent to which these results apply to other cities in developing countries is not clear. For instance, Curitiba has a long history of urban planning and built environment changes (e.g., availability of and access to recreational areas and public transportation), 14 making its urban development pattern closer to that in European cities. In other cities where urban planning has not played a substantial role in urbanization, walkability and physical activity outcomes might show different associations.
Conclusion
The findings of this study show that walkability was associated with leisure-time and transport physical activity in Brazil and suggest that in Latin America and other developing regions where urbanization is high, walkability could affect the level of physical activity among adults. This study has important political implications. The rapid urbanization taking place in developing countries and accompanying changes in motorized transportation 30 has negative consequences for physical activity levels. 31 These changes are still underway, which provides an opportunity to use urban planning to positively affect the direction of growth; adding the concept of walkability into the process could help reverse or attenuate the increase in sedentary behavior. Although the importance of changes in the built environment to promote active behavior has been recognized in academia for more than a decade, 31 there is a clear gap between research and practice. 26 Because policy decisions are made outside of academia and very often not by the health sector, 31 it is crucial to provide relevant, region-specific evidence. However, the forces that drive urban planning, such as the real estate and mortgage industries, motor vehicle corporations, and social mobilization, 32,33 also need to be considered when incorporating the current findings into the planning and implementation process.
